Objectives-To study the clinical and pathophysiological features of central pain due to damage to the CNS. Methods-156 patients (mostly with ischaemic strokes, some with infarct after subarachnoid haemorrhage and other cerebral conditions; one with bulbar and others with spinal pathology) with central pain have been investigated clinically and varying numbers instrumentally with respect to quantitative somatosensory perception thresholds and autonomic function. Results-Pain onset was immediate in a minority; and from a week or two up to six years in > 60%. For those with supraspinal ischaemic lesions, the median age of onset was 59; dominant and nondominant sides were equally affected. Two thirds of the patients had allodynia, including a previously undescribed movement allodynia apparently triggered from group I afferents. Most patients exhibited autonomic instability in that their pain was increased by physical and emotional stress and alleviated by relaxation; cutaneous blood flow and sweating may also be affected. Pain occurred within a larger area of differential sensory deficit. The critical deficit seems to be for thermal and pinprick sensations, which were more pronounced in areas of greatest than in areas of least pain; whereas low threshold mechanoceptive functions, if affected, did not vary between areas of greatest and least pain. Skinfold pinch (tissue damage) pain thresholds were only slightly affected in supraspinal cases, but greatly increased in patients with spinal lesions; thermal (heat) pain did not show this dissociation. Conclusion-The pathogenetic hypothesis which seems best to fit the findings is that there is up regulation or down regulation of receptors for transmitters, possibly mainly noradrenergic, over time.
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Patients
Between 1983 and 1993, 156 patients have been referred to me, in whom a diagnosis of central pain due to a cerebral or spinal lesion has been made. Of these, 112 (64 (57)%'Y male) had a history of a stroke episode (cerebrovascular accident, CVA patients), including four known to have had a cerebral embolus and two known to have had an intracerebral haemorrhage; one had haemorrhage into a tumour (lymphoma). Twelve (11%) of these patients were known to have diabetes mellitus, and one had BehFet's syndrome. Nineteen patients (63% women) had infarcts after subarachnoid haemorrhage (SAH patients); 15 of them had been treated by operation and four conservatively. Four patients (three women) had postoperative infarcts after brain surgery for tumour removal (two vestibular schwannomata, one tentorial meningioma, and one cerebellar haemangioblastoma) and another three men had had brain trauma (one while playing rugby football, one in a street fight, and the other unattributed). One male patient had an enormous arteriovenous malformation involving the thalamus, which had bled on some occasions. Four patients had multiple sclerosis; three had syringo/bulbia/myelia; and three had spinal ischaemic conditions. Seven patients (of whom six are reported elsewhere24) had postcordotomy dysaesthesia; six had had percutaneous radiofrequency lesions made at C2 for painful malignant disease,21 and the other had had open cordotomy at the thoracic level for sciatica. Table 1 shows the mean age and the interval between stroke and pain onset and between stroke and presentation at the clinic for the CVA and SAH patients.
Methods
Pain quality was assessed by direct interrogation, by the McGill pain questionnaire,25 and by free description. Pain intensity was measured by the visual analogue scale. Clinical examination included sensory testing for all somatic modalities and for the presence or absence of allodynia-and its type if present.
In addition, quantitative sensory perception threshold testing was carried out at or soon after first presentation in 61 of the CVA patients, eight of the SAH patients (the findings in seven of whom were reported previously26), three postoperative, and two syringomyelic patients. Perception thresholds were established by the method of limits, in all cases using an average of three readings as the value, for the following modalities: touch (von Frey filaments); results were expressed on a logarithmic scale up to 6-65. Patients who could not feel this filament were arbitrarily awarded a score of 7-0; pinprick sensation was assessed with weighted needles,27 and results were expressed in g. Patients who could not feel sharpness with the heaviest pin (5-2 g) were arbitrarily awarded a score of 6-0. Skinfold pinch pain was estimated by the use of forceps coupled to a strain gauge, and the results were expressed in kg. Table 2 shows the extent of the painful area. In almost all cases, there were regions where the pain was felt to be "worse" or more intense than in other areas. These are referred to as areas of maximum pain (max) and areas of minimum pain (min). These differences persisted despite overall fluctuations in intensity (see below), but sometimes varied over time, often apparently as a result of treatment.
Such broad categories, although necessary, fail to take account of regions within regions. Thus two patients with facial pain had only one trigeminal area affected; whereas many with pain in the limbs had either the proximal limb areas or the extremities maximally affected. One man had abdominal pain together with girdle pain in the T8 dermatome; one woman had only the left side of her vulva and vagina involved. It was not uncommon, particularly in patients with the cheiro-oral syndrome or crossed (brainstem) stroke, to find pain in one site and painless sensory change in the other.
None of the patients with postoperative infarcts or head injury showed any striking differences on clinical or laboratory testing from patients who had had spontaneous infarcts. Table 3 shows the non-sensory clinical features of the patients. In the great majority the motor deficit was relatively mild and the Bowsher (5) 4 (21) three painful all postoperative; one with painful area
Values are numbers of patients (%). patients were ambulant; the six aphasic patients were among the eight who had profound monoplegia or hemiplegia. At presentation in the clinic, 11 of 111 CVA patients (10%) had had what seemed to be pure sensory strokes. Table 4 shows the subjective quality of the pain as described at interview. McGill questionnaires yielded broadly similar results. Table 5 shows exacerbating factors for CVA and SAH patients. They were volunteered by some patients, and from others they were elicited by means of a checklist. Two or more of these factors were mentioned by some patients. Other exacerbating factors mentioned, alone or in combination, included Sensory impairment was clinically determined in most patients; in a few, instrumental measurement alone was used. Table 7 shows the results.
Only one CVA patient and none of the SAH patients failed to exhibit a clinically evident impairment of one or both small fibre modalities.
There were four noteworthy features about these somatosensory impairments:
(1) The area of sensory impairment was always more extensive than the painful areafor example, a patient with a right hemibody sensory deficit complained of pain only in the cheek. However, the discordance was usually less dramatic than this.
(2) The degree of impairment was greatest in the region of greatest pain.
(3) There were evident quantitative differences between modalities: tactile impairment was almost always slight, whereas thermal and pinprick deficits were much more severe. Many patients showed only a small area of tactile deficit, whereas the areas of pinprick and thermal impairment were much bigger; and the latter were often, though not always, coextensive.
(4) Whereas change (if any) in large fibre sensations was the same in areas of maximal and minimal pain, changes in sharpness (pinprick) and thermal sensations were less in areas of minimal than of maximal pain.
One patient, with pain in the cheek and side of the nose (but with sensory change over a much larger area), had digitally removed the ala nasae on the affected side, such that there was a gap about the shape and size of a little fingernail in the side of his nose. This was the only instance of self mutilation ("autotomy") found.
The Figures in square brackets are % changes with respect to mirror (= control) values. *P < 0 05; **P < 0-009, ***P < 0 0009. In no case was there a significant difference between mirror max and mirror min. Set out in this way, it is easier to see that although all modalities are affected, only pinprick, warm, and cold deficits are quantitatively related to pain intensity; hot pain just fails to reach significance.
the two groups to tactile or cold stimulation, but there were significant differences for warm and hot pain thresholds. Thresholds were measured in two patients with syringomyelia. Both had raised thresholds for touch and two point discrimination; skinfold pinch thresholds were unobtainable in both patients in the most painful hand; thermal thresholds were unobtainable in one patient and significantly raised in the other.
Autonomic function was assessed in 42 instances by measurement of skin temperature, and in 48 others the relative temperature of the skin on the two sides was measured by liquid crystal contact thermography. Skin temperature measurement in areas of maximal but not of minimal pain, compared with their mirror image areas on the unaffected side, showed the affected area to be significantly cooler (P = 0 05; table 8). Thermographic assessment of skin temperature, carried out in the clinic, showed cutaneous vasoconstriction in the affected area in more than two thirds of the patients in whom it was performed.
Sweat production at rest was measured by evaporimetry in the maximally affected area and its mirror image in 13 CVA patients and in the minimally affected area and its mirror image in 10 . In the maximally affected area, sweat production was higher than in the mirror image area in eight out of 13 patients, and lower in five, whereas in the minimally affected area, it was higher in eight out of 10 instances and lower in only two.
Discussion
It is not known exactly how many stroke patients have central pain, but the figure has been put at 1 5-2 0% of all strokes,29 although Andersen et al3t estimate it as being as high as 8%.
What is immediately striking about the group of stroke patients reported here is the relatively young median age (57) The distribution of pain is somewhat haphazard (table 2) , particularly when the area of greatest pain is considered, and no clear pattern emerges. Maximal (or even only) pain is as likely to occur in the proximal parts of limbs or on the trunk as in the extremities. In some cases the area of pain is so small that when it is on the face, a differential diagnosis from trigeminal neuralgia has to be consideredthis happened in two cases in the present series, and has been reported previously."' It is an astonishing coincidence that all 11 cases recently reported by Vestergaard et al32 had pain in the thenar eminence. Leijon et al" found hemibody pain, with or without facial involvement, in 74% of their 27 patients, whereas only 38% of the present CVA series have such widespread distribution. Cheirooral distribution is emphasised by Garcin 2 and might be expected in true "thalamic syndrome" as so many neurons in the human ventroposterior thalamic nucleus have receptive fields in the hand and mouth regions.4 What should be stressed, as has recently been mentioned by Vestergaard et al,3' is that the pain, whatever its location, always occurs within a larger area of sensory change.
The right-left distribution was virtually equal in our CVA patients (table 3) (54% affected on the dominant side), and in the 11 Danish cases,3'2 whereas it was 33%-67% in the 27 patients of Leijon et al3' and there was a much higher non-dominant side in the 87 patients of Kameyama."11
Ten per cent of the present CVA patients presented crossed sensory symptoms (table 3) , without necessarily having pain in the face; their symptoms were therefore attributed to lower brainstem infarct (Wallenberg's syndrome). Garcin6 2' and Riddoch42 point out that upper brainstem strokes do not necessarily give rise to crossed symptoms, as reported earlier64344; a painless case with MRI confirmation has recently been noted. 4' The relative mildness of the motor deficit in most cases (table 3) is also noteworthy, and has been commented on by previous authors, beginning with Dejerine and Roussyl themselves. Ten per cent of the CVA patients in the present series could be classified as pure sensory stroke, and only 8% of CVA patients with and 17% of patients after SAH were hemiplegic or monoplegic, and 13% aphasic or dysphasic (7% for the patients reported by Leijon et al3). Apart from main thalamique (said to be present in 25% of thalamic cases86), extrapyramidal signs were seen in only 6-5% of our patients, and 4% of the 27 reported by Leijon et al," despite the fact that extrapyramidal signs were signalled as a criterion in the original publication of Dejerine and Roussy.' However, Davison and Schick3 could find only five cases with extrapyramidal signs in the by then extensive medical literature.
Seven patients (including one with a postoperative infarct) in the present series had Jacksonian fits, five with a painful aura. This has been commented on by Head and Holmes2 and Riddoch,'42 and was reported in three of the 12 patients with pain after a cortical infarct described by Michel et al. 5 Allodynia was experienced by two thirds of the patients with CPSP (table 6) . This is to be compared with > 90% of patients with postherpetic neuralgia (see below Autonomic disturbance in central pain syndromes was remarked on by Garcin,2 who specifically noted "modifications of temperature" such as reported here with respect to skin temperature. Autonomic instability is evidenced by the ability to fall asleep easily, meaning that the pain is less when the subject is relaxed, and exacerbation by some of the factors mentioned above, particularly environmental (cold) and emotional stress. However, 11 of our patients volunteered the fact that orgasm, representing an enormous autonomic discharge, greatly increased their pain; this has not been previously reported. It is true, of course, as mentioned by Boivie and Leijon," that many autonomic changes, particularly cutaneous vasoconstriction, occur in painfree stroke patients; taking our patients as a whole, the area of greatest pain showed a just significant lowering of resting skin temperature. Contact thermography, when performed, usu-ally showed areas of greatest pain to be colder than areas of least pain; many of the patients spontaneously mentioned that they felt particularly cold in the area of greatest pain when the pain was bad; unfortunately it never proved possible to measure skin temperature in periods of mild and severe pain in the same patient. It has been noted5" that the cutaneous vasoconstriction can be reversed by low dose calcium channel blockers, without affecting the pain.
Hyperhidrosis has also been reported in 85% of painfree stroke patients"' although these authors correlate it with upper motor neuron deficit, which was not necessarily the case in our patients. From a pathophysiological point of view, the most interesting feature concerns the nature of the sensory deficit ( Because there is no peripheral involvement in stroke, the sensory deficit must be ascribed to a disturbance of central processing of information arriving from A3 and C primary afferents, perhaps particularly the former, which are chiefly responsible for cold and pinprick sensations. Table 8 shows that the deficit for pinprick, warm, and cold sensations, but not hot pain, is greater in areas of greatest pain than in areas of less pain, whereas there is no significant difference in deficit between greatest and least pain areas for tactile, vibratory (the latter perhaps because of methodological difficulties), two point discrimination, skinfold pinch, and hot pain sensations. In 16 cases of spinal cord injury, Eide et a1 5 have found that the quantitative increase in warm and cold thresholds was greater in painful than in adjacent nonpainful areas with sensory deficit; but that in the case of hot pain, the difference was considerably less; whereas tactile (von Frey) sensibility loss was greater in non-painful than in painful areas.
It seems, therefore, that the intensity of ongoing pain in these patients is proportional to the degree of deficit for pinprick and thermal (perhaps particularly cold) sensations, but is uninfluenced by the degree, or even the presence or absence, of deficit for low threshold mechanical submodalities, and perhaps also skinfold pinch (tissue damage pain). Asbury54 noted that deficits for cold and pinprick sensations are essential in the case of painful peripheral neuropathies. The critical disorder in central pain also seems to lie in the central processing of information coming from Ad (cold and pinprick) rather than AP or C peripheral afferents; this adds further relevance to the finding of Yarnitsky and Ochoa56 that paradoxical burning sensation follows blockade of cold specific myelinated fibres in the periphery.
As reported elsewhere,55 there is a striking difference between supraspinal and spinal lesions with respect to skinfold pinch (mechanonociceptive) thresholds. It is far more severely affected in spinal than in supraspinal lesions; and this of course has implications for the anatomy of the "pain pathway" .5 In this respect, interpretation of even the recent medical literature is often bedevilled by the fact that many authors refer to an unspecified stimulus described as The hypothesis has been put forward elsewhere55 that the development of pain (or not) after lesions in the classic (neo)spinothalmic pathway and its projections8 may depend on the up regulation or down regulation of (probably noradrenergic) transmitter receptors; the initial level of such receptors could also explain the time course of pain development.
Whatever may be the true pathophysiology of central pain, it has been found that some two thirds of patients can be relieved by treatment with adrenergically active antidepressants.50 (Hence the suggestion that noradrenergic receptors may be implicated.) These drugs are more effective the sooner they are prescribed after pain onset. In some cases in which antidepressants alone are not effective, relief may be gained by the addition of oral mexiletine.5" To obtain maximal effect from adrenergically active antidepressants, it is important not to lose time by "trying" the effect of classic analgesics, which are virtually devoid of action in central and other neurogenic pains.57
